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l. Introduction
A. Scope

The intent of this manual is to provide North Carolina Degemt of Transportation
(NCDOT) inspector personnel, as wel as other inspectorsseniregy the NCDOT,
with guidelines and information for inspecting driled pienstruction. Driled piers
are also commonly referred to as “driled shafts” and “cassoithis manual is also
helpful for training other construction personnel, sucheasl&nt engineers, assistant
resident engineers and area bridge construction ergjimeealriled pier construction
and inspection.

B. Limitations
A large part of this manual is derived from the standard@T Driled Piers Special
Provision. This manual may or may not be applicable to drileds penstructed
under other Drilled Piers Special Provisions. In some cagels as a project with a
large quantity of driled piers, the Driled Piers SpeBiabvision may be project
specific. Also, the standard Driled Piers Special Provisiorevised regularly. As a
result, before applying this manual in its entirety to project, the project Drilled
Piers Special Provision should be compared with the standdedl BPiers Special
Provision in the Appendix for differences (compare datesdaf peovision).

Driled pier construction practices vary widely acrosstN@arolina depending on
the subsurface conditons and the driling contractor. Unesgbeahd unanticipated
problems can occur. This manual is not intended to be akivel When these
sttuations arise, questions should be directed to the adeg lmonstruction engineer
and the Geotechnical Engineering Unit. The Geotechliogiheering Unit may be
contacted at:
Geotechnical Engineering Unit
1020 Birch Ridge Drive
Raleigh, NC 27610
(919) 250-4128
(919) 250-4119 (Fax)
Website - http//www.ncdot.org/doh/preconstruct/highway/geotech/
State Geotechnical Engineer: Njoroge Wainaina, P.E.

Il. General
A. Driled Pier Definition

The FHWA driled shaft manual (Publication No. FHWA-IF-99-08B}cribes
driled piers as “a deep foundation that is constructed bingldicid concrete in a
driled hole.” This FHWA manual also notes that “reinfoigisteel can be installed
in the excavation, if desired, prior to placing concrete.”cdematic example of a
typical driled pier is shown in Figure 1. This figure albows loading condtions,
end bearing, skin friction and lateral resistance.
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FIGURE 1 — Schematic of Typical Drilled Pier
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B. Loads (See Figure 1)
Axial loads are primarily due to the weight of the bridgeicstire and the trafic on
the structure. Uplift, downdrag and lateral loads thattrésaverturning also cause
axial loads. Lateral loads are caused by a wide variety agffosuch as stream flow,
wind, ship impact, earth pressures, temperature changesmdthand shrinkage
forces), earthquakes, etc. Driled piers are designed for Riathaad lateral loads.
The axial loads are supported by end bearing, skin frictioncombination of the
two. Skin friction is developed as a result of the bond betweendncrete and the
soilrock along the sides of the driled pier. The lateradldoare primarily supported
by lateral resistance of the soilrock. Lateral resistascdeveloped when the lateral
loads cause the driled pier to push against the soilroclg al@ensides of the driled
pier.

C. Driled Pier Constructon Sequence Plan
For the purposes of this manual, the standard NCDOT Drileds Bipecial Provision
in the Appendix is referred to as the “special provision”. 3jecial provision
requires the driling contractor to develop a driled pier coctm sequence plan for
each project (Section 1.0, Iltem C). The primary purpose of tmsigta propose the
method of driled pier construction and insure compliancé e special provisions.
The method to construct driled piers can vary depending odrilieg contractor,
subsurface conditions, site conditions and driled pier dedigr instance,
construction of a driled pier in a body of water would be differthan construction
of a driled pier in a highway median. Inthe same mannéf) faot (18 meter) long
driled pier would lkely be constructed differently than a 20 {@&ometer) long
driled pier. The driled pier construction sequence planidhalso include work
experience, personnel and equipment listings.

D. Driled Pier Preconstruction Conference
After the driled pier construction sequence plan is appr@& before beginning
driling, a driled pier preconstruction conference should lhedcded. At a
minimum, the general contractor, driled pier subcontractpersuendent, resident
engineer, bridge inspector and area bridge constructioneengshould attend the
meeting. A representative from the Geotechnical Engingeldnit may attend if the
GEU believes it is necessary or the area bridge comstruehgineer can not attend.
It is desirable to hold the conference atthe projectrsitrder to help resolve site
specific issues while all the parties are in attendance

The primary purpose of the driled pier preconstruction cengs is to discuss the
construction and inspection of the driled piers. Topics fecudsion may include
the following:

- Approved driled pier construction sequence and review fr@am th

Geotechnical Engineering Unit

- Excavation methods

- Permanent and temporary casing

- Casing sizes, lengths, installation and removal

- Cleaning method and inspection
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- Bearing inspection

- Subsurface profle and expected rock elevations

- Concrete placement

- Environmental issues including spoils and concrete hardipg/sal
- Inspection forms

- Sequencing and scheduling

l1l. Construction
A. Methods of Excavation

Section 2.0 of the special provision states “Stabilize dédirpier excavations with
steel casing and/or bentonite slurry except, as approved Bydgimeer, the portions
of the excavations in rock....”. The special provision does mv ghe use of slurry
without steel casing. If slurry is used and permanesingds not, the special
provision requires temporary casing a mnimum of 10 feet (3rshetang at the top
of the excavation. When the use of slurry is not requiredrohibited by the plans,
the driling contractor may choose to use only steel casingdurry with steel
casings to stabilize the driled pier excavation. Wherugieeof slurry is prohibited
by the plans, the driling contractor is required to use delgl £asings.

The casing diameter normally refers to the outside diaméftke special provision
alows for the driled pier diameter in rock to be 2 inches (50 simller than the
design driled pier diameter. This wil occur if the drdi contractor stabiizes an
excavation to rock with casing size equal to the desigeddmbier diameter. In order
to extend the excavation into rock below the bottom of the c¢atsiagrock drilling
tools pass through the casing and excavate a smallertefianme. The smaller
driled pier diameter in rock is considered in design ewveugth the plans show the
design driled pier diameter. A smaller design driled piamdier wil also occur
when using slurry and permanent casing with an outi@l®eter equal to the design
driled pier diameter.

1. Steel Casing
Permanent casings remain in place and are used fed dpikers in standing water,
soft collapsing soils or on a bank of a body of water. Temporarygsaaie
removed during the concrete pour and are used to keep thatextawpen and
also to protect personnel entering the excavation. The edqcasing wall
thickness is in Section 2.0, Item A of the special provisiomgur&i2 is a picture
of a steel casing.

The use of permanent casing is controlled by one of tiasvioly notes on plans.
“Permanent steel casing is not required for drilled piers at Bent No. "
“Permanent steel casing is required for drilled piers at Bent No. __ and the
casing shall not extend below elevation ____ without the Engineer’s permission.”
“Permanent steel casing may be required for drilled piers at Bent No. . If
required, the casing shall not extend below elevation __ without the Engineer’s
permission. The need for permanent steel casing will be determined by the
Engineer.”
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FIGURE 2 — Steel Casing

When permanent casing may be required, the reselmgimeer and the area
bridge construction engineer determine the neegdomanent casing based upon
the specific site conditions at the time of comdiom. The notes on plans provide
an elevation that the permanent casing may noheéxtbelow. The main reason
for this elevation is that the skin friction isrsficantly less in the permanent
casing zone because the concrete is not in diegact with the soilrock.
Consequently, if the permanent casing is extenddairvbthe elevation shown on
the plans, the axial capacity of the driled pgraeduced. Sometimes, the
permanent casing is not stable at or above thatelevshown on the plans and
the driling contractor may propose lowering theimg Regardless of the
situation or circumstances, the area bridge cantstru engineer and the soils
engineer should be contacted to discuss al rexjtestxtend any permanent
casings below the elevation shown on the plans.

The special provision requires that permanent gdséin contact with
“‘undisturbed material”. One reason for this rezpaent is that the permanent
casing may extend below the design scour elevatidich is not shown on the
plans. The soils engineer assumes that the niabeiaw the design scour
elevation wil provide lateral resistance. If thermanent casing is not in contact
with undisturbed material, the lateral load capaeitthe driled pier is reduced.
Another reason for this requirement is that if pleemanent casing is not in
contact with undisturbed material, longer permareaging may be required for
casing stabiity, which may cost more since permiamasing is paid for on a unit
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price basis. Instaling the permanent casing apandisturbed material typically
requires vibrating, driving or screwing the casmyp place before driling

through the casing. Figure 3 is a picture of aster” used to screw casing into
place by interlocking the twister into the slotsttet top of the casing (see slots in
Figure 2). Figure 4 is a picture of a vibratoryvelvextractor used to vibrate
casing in and out.

FIGURE 3 — Twister

The special provision does not direct the driliogntractor on how to install steel
casings. Idealy, all permanent and temporaryngasshould be installed before
driling through them. However, due to subsurfammnditions, equipment
imitations and driling contractor preference, iogs are often installed by
predriling without casing or slurry and then ptagcithe casing into the
excavation. Predriling may be used to installincashrough very dense or stiff
soils, rock and boulders or because the contractinfl rig can only
accommodate a certain length of casing extendirtgofoile excavation so the
remaining portion of the casing must be placeddnexcavation. Predriling can
result in an unstable, caving and collapsing ex@ava The Geotechnical
Engineering Unit must approve predriling for penewmat casings because the
special provision requires that permanent casinggaést undisturbed material.
Typically, the driled pier construction sequendanpdescribes the method of
casing installation and if predriling is proposédyil be addressed in the
sequence review.
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i

FIGURE 4 — Hydraulic Vibratory Driver/Extractor

In some cases, for long driled piers or when tharanent casing does not
extend to rock, casings are telescoped becausegla piece of casing is too long
to handle. Telescoping casing results in multijgleels of casing (usually, three
levels or less) with the smallest diameter (desigmeter) on the inside and the
largest diameter on the outside. The driled jppection form for the casing
method shows a diagram of three levels of teleegopasing. Typically, casing
diameters vary by 6 inches (150 mm) per level. Absociation of Driled Shatft
Contractors (ADSC) recommends a minimum casing lagvesf 1 foot (300 mm)
in their down-hole entry manual; the Geotechnicagiteering Unit recommends
a minimum casing overlap of 2 feet (600 mm). Delpen on the actual site
conditons, more than 2 feet (600 mm) may be requsuch as in caving soils or
when water fows through the overlap. Water figyvithrough the overlap is an
unsafe condition for entry into the excavation, reayde the side walls of the
excavation and contaminate the concrete duringepiant.

Section 2.0 of the special provision states thamorary steel casings that
become bound or fouled during pier construction @amchot be practically
removed constitute a defect in the driled pielf’this occurs, contact the area
bridge construction engineer and the Geotechnicgin&ering Unit to discuss the
situation.
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2. Mineral Slurry
The use of mineral slurry may be controlled by one of thenolg notes on
plans.
“Slurry construction shall not be used for this project.”
“Slurry construction shall be used for this project. See Drilled Piers Special
Provision.”

If neither one of these notes is shown on the plans, ilegdcontractor may
choose to use only steel casings or slurry with stesihgsato stabilize the drilled
pier excavation. In general, the first note is usedenvibstern part of the state
where rock is relatively shallow and the second noteed sthe eastern part of
the state for driled piers in soll. The soils enginedr require slurry based upon
the subsurface conditons (caving soils?), driled pierhsngind constructability
concerns. The driling contractor may choose slurry based agustructability
and preference. Slurry is not used exclusively in liegasing because it is
generally more expensive and time consuming.

The slurry should alays be introduced before driling belowbthitom of the
permanent or temporary casing. Driling below any casingoutit stabiizing the
excavation can result in a collapsed excavation.

Slurries are defined as mineral slurries, polymer surde blended slurries. The
special provision specifically requires the use of bewetositirry, which is a
mineral slurry. Bentonite is a type of powdered clay thaanmmixed with water,
forms microscopic, plate-lke solds. However, in order for thedses” to be
formed, the water must first hydrate the bentonite. Téetrighlly charged water
surrounding the plates cause the plates to repel eachaothéeep the bentonite
in suspension. The bentonite wil not be effective umtdrdtion has occurred.
As a result, the special provision requires hydration obtwonite for a
minimum of 24 hours before being introduced into the driled pieavation.
Mixing slurry in the excavation is prohibited.

The driled pier excavation is stabiized when the bestoplates are deposited
on the side walls of the excavation as the bentonitey dlaws out. This action,
which is termed “filtration”, can only occur if the lévef the slurry inside the
excavation is higher than the water elevation outdideekcavation such that the
higher pressure inside the excavation forces the shuty This is the reason for
the requirement in Section 2.0 of the special provision to ‘figiainthe slurry in
the pier excavation at a level not less than 5 feet airtlesl pier diameter
(whichever is greater) above the highest piezometrisspre head along the
depth of the pier.” Normally, the highest piezometric presérad is the high
tide elevation, the static water elevation or the groatelwelevation. If the
slurry level is not continuously maintained in accoréawith the special
provision, the excavation could colapse due to water flowirm timt excavation
rather than slurry fowing out. When the required sllemel is above the ground
surface or when driling over water, the casing is tylyicaxtended to maintain
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the slurry pressure head and then removed during pouringefsr with
temporary casing or cut off after the concrete reachesggt for piers with
permanent casing.

a. Time and Agitation Requirements

The deposit of bentonite plates on the side walls of a driled pi

excavation is referred to as the formation of a “mudcake”thdtti proper

and frequent agitation, the mudcake can become too thick hreduce

the skin friction and therefore, the axial capacity efdnled pier.

Consequently, the special provision requires the following:

- Agtate the slurry in the driled pier excavations a minin of every 4
hours and

- Do not alow an excavated slurry shaft below the stesgao go
unagitated overnight.

It is important to note that it is always in the departtsebest interest to
complete a slurry driled pier within a 24 hour time limit. Gangently,
the special provision requires the driling contractor to “Adjthe
excavation operations so that the maximum time the skiry contact
with the sidewalls of the uncased portions of the driled gieavation
(from time of driling to completing concrete placement) damsemceed
24 hours”. If the 24 hour time limit is exceeded, the specialgwav
describes what is required depending on how much time dpsedl If
less than 3 days and more than 24 hours has elapsed, overreeimirao
approved method is required. If three days elapses, the spexigion
requires the contractor to enlarge the entire driled (pieluding the
casing) by a minimum of 6 inches (150 mm).

B. Dewatering Requirements
Per the special provision, if the tip of a driled pier isack, the excavation must be
dewatered ‘“to the satisfaction of the Engineer”. Dewgtethe excavation wil
generally alow the inspector to perform a more thorough atispe by entering the
excavation. In some situations, such as sites witghadrmoundwater table or long
piers in deep water or loose soil, dewatering the excavatay not be feasible. |If
the driling contractor proposes to maintain a wet hole evagiththe tip is in rock,
the Geotechnical Engineering Unit should approve thikendtiled pier construction
sequence review. If a driled pier excavation is not deedtehe driled pier
construction sequence will typically include procedurescleaning and inspection
from the top of the hole.

C. Cleaning Requirements
The best method for cleaning the bottom of a driled pier eticava by hand.
However, the excavation must be dewatered to be hand cleaneetin®&sin driled
pier excavations can not be dewatered as described above. Isitotit@&mns, the
driling contractor is not required to dewater the excavasiach as when the tip is in
weathered rock or soil. Even if the excavation is dewatdrechyi not be hand
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cleaned due to unacceptable gas/oxygen levels caube it is not the driling
contractor’'s policy to enter an excavation. In aage, the special provision does not
require hand cleaning. However, Section 3.0 ofsihecial provision does require
that the pier excavation bottom be cleaned wittte@nout buckeaind a submersible
pump or an arlit if the excavation bottom is maind cleaned. Figure 5 is a picture
of a submersible pump. Figures 6 and 7 ilustiite use of an airlift. An airlift is
easier to use, faster when compared with a sulirieerpump and generally used only
for excavations in rock because it can over exeagasoil bottom.

8/23/2001 09:36

B et i f’ ; .
FIGURE 5 — Submersible Pump

Some driling contractors wil attempt to cleanrdiedl pier excavation bottom with
only a cleanout bucket. Not only is this a viglatiof the special provision,
subsequent visual inspections have proved thapthistice can leave large amounts
of sediment around the edges of the bottom of Xcavation.

. Temporary Casing Removal

The special provision does not explicitly direc¢ tiriling contractor on how to
remove telescoping temporary casing. Howeverspieeial provision states “Do not
remove temporary casing until the level of concreitbin the casing is in excess of
10 feet (3 meters) above the bottom of the casgiggbremoved.” In addition, the
special provision states “Maintain the concretellet least 10 feet (3 meters) above
the bottom of innermost casing throughout the eertiising extraction operation,
except when concrete is at or above the top dédirpier elevation. Sustain a
suficient head of concrete above the bottom oihgat overcome outside soil and
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FIGURE 6 — Airlift with Discharge
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FIGURE 7 — Withdrawing Airlift

Page 12



NCDOT Drilled Pier Inspection Manual

water pressure.” Based upon these requirementasidgy may not be removed unless
10 feet (3 meters) of concrete is in direct contaitt the inside of the innermost
casing at all times. Driling contractors may preto remove outer casings before
removing the innermost casing; however, this pradgéaves the side walls of the
driled pier excavation unsupported allowing fortgaial colapse. Even if only
partial collapse occurs or the collapsed soil isedoback into place by the rising
concrete, the side walls may no longer providelatezal resistance and skin friction
required for design. Consequently, removal of tenayy outer casings prior to
removal of temporary inner casings is not recomednd

. Reinforcing Steel and Tolerances

Unless the driled pier excavation is cased to ronkediate placement of the
reinforcing steel and the concrete is requiredr dfie inspector approves the
excavation. If the excavation is cased to rocktaedexcavation is relatively

shallow, driling contractors may choose to excavand pour more than one pier at a
time. Per the special provision, all reinforcinget should be cross-tied with double
wire at each intersection of the vertical and $pas. The complete rebar cage
should be lited and placed in the excavation ghahracking and cage distortion
does not occur. Longer cages wil require multipiek up points such as shown in
Figure 8.

8/16/200115:46
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FIGURE 8 — Drilled Pier Rebar Cage
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Reinforcing steel must have a minimum of 4 inche80(mm) of clearance between
the edge of the spiral and the outside edge gpidre Additional clearance is
normally included in the plans to extend the spimad the column or protect against
corrosion. The special provision requires maititeina minimum 4 inch (100 mm)
clearance with plastic spacer wheels spaced a umnirof every 10 feet (3 meters)
along the rebar cage. The most common type diglapacer wheel is a
“Shaftspacer” manufactured by Foundation Technefaginc. The special provision
also requires that the rebar cage be raised ofbdtiem of the excavation with
plastic bolsters. Foundation Technologies alsoufaaturers the most common type
of plastic bolster called a “BarBoot”. Figure Saigicture of a reinforcing cage with
BarBoots and Shaftspacers. The picture shows is@e sf Shaftspacers; the smaller
of which is connected to the cage with offset hagrpwhich allows for different
clearances other than standard size spacer wheels.

FIGURE 9 — Shaftspacers and BarBoots

There is 2 inches (50 mm) of clearance on a tydicalge column. When the driled
pier connects directly to the column instead adatifig or a cap, it is possible for the
driled pier excavation and rebar cage to be ierémice and the column out of
location. Since the driled pier diameter is tgllie 6 inches (150 mm) larger than
the column, it may be possible to adjust the reamfiy steel such that the column is
in the correct location or the column location nfsyacceptable without any
adjustment with suficient clearances in the cAfignment of the rebar cage is more
difficult for oversize casings such as those usgdelescoping casing because the
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spacer wheels are not against the sides of the exca\attiand near the top of the
hole. The special provision requires the following tolerarfoeslriled piers:
- Excavation no more than 3 inches (75 mm) from the locatiomrs
on the plans
- Axis within 1 % plumb
- Bottom of excavation stepped no more than 12 inches (300 mm)
- Top of pier elevation between 1 inch (25 mm) above and 3 inches (75
mm) below elevation shown on the plans (or revised elvatier
engineer)

Driled pier reinforcing steel is designed with an ex@rieet (1 meter) of length
because it is difficult to excavate to the exact planlpagon. Normaly, driled
piers are excavated to slightly below the plan tip elevatitdrthe driled pier

connects directly to the column, the extra rebar cagéhlasgccounted for with a
varying splice length. If the driled pier connects to a capfooting, the extra rebar
cage length is usually cut off after the precise lgvadion is known. If the tip
elevation is lowered due to poor bearing conditions or for otheomeathe extra
reinforcing steel should be used for the additional driled lpigth. If the tip
elevation is lowered more than 3 feet (1 meter), thetistuashould be discussed with
the area bridge construction engineer and the Geotelclimggneering Unit.

. Methods of Concrete Placement

The method of concrete placement depends on the water irditerafter all the
pumps have been removed from the driled pier excavatiothe ihfow rate is more
than 6 inches (150 mm) per hal-hour, a wet pour is requireden@dle, a dry pour
is acceptable. This check is extremely critical. Expegieindicates that the majority
of problems with driled piers are the result of forcing apmbwyr. Figure 10is a
picture of a wet pour with a tremie, hopper and a concrete bucket.

Sometimes, the driling contractor wil “break loose” the gemary casing before
placing concrete in order to minimize the chances ofdlsin@ getting stuck. This
practice can change the conditions in the hole andisinify increase the water
inlow rate. If this occurs or any other condition chantes significantly increases
the flow of water into the excavation, the water infloate should be re-checked to
evaluate the type of pour required.

1. Free Fall
For dry placement of concrete, the concrete may be placedebfalirelown the
center of the driled pier excavation if the depth is 60 [@8t3 meters) or less.
Otherwise, the concrete must be either tremied or pumpedthaictne free fall
height does not exceed 60 feet (18.3 meters).

2. Tremie and Pump
For wet placement of concrete, Section 6.0 of the special proviki@s not allow
the use of a tremie with temporary casing. This is beceastractors do not
typically have two cranes or a crane with the dril aigsite and problems can
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10/11/2001 11:07 M

FIGURE 10 — Wet Pour

occur when the temporary casing is removed andréingie is supported with the
same equipment.

Unless approved otherwise, all tremies should btiosal type. Figure 11is a
picture of sectional tremie with 10 foot (3 metsgctions. Typically, a solid
tremie wil be approved for short driled piersvdien using sectional temporary
casing.

For wet placement of concrete, care should be talem introducing the
concrete into a driled pier excavation with a punipthe concrete is pumped too
fast at the beginning of placement, the concret®tsable to displace the water or
slurry around the bottom of the pier and reduceti leraring capacity may resultt.
Initially, the tremie or pump pipe is lowered te thottom of the excavation. As
the concrete placement continues, the tremie oppuipe may be removed
provided the tremie or pump pipe remains embeddedtei concrete a minimum
of 10 feet (3 meters). In accordance with the isp@covision, if the tremie or
pump pipe puls out of the concrete for any reafaimg the pour, concrete
placement must be restarted with a steel cappmibtrer pump pipe. Otherwise,
water or slurry wil become trapped in the pier witke tremie or pump pipe is
reinserted into the concrete. When using a pump,ailso important to minimize
“‘jJumping” of the pump pipe (pump pipe puling incaout of the concrete) by
controlling the pump stroke pressure.
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FIGURE 11 — Sectional Tremie

3. Discharge Control
A discharge control, commonly called a “pig” orralfbit”, is used to prevent
concrete contamination when the tremie or pump Bipatially placed in the
driled pier excavation. This device keeps theewatr slurry separated from the
concrete as the concrete is pushed through thée trenpump pipe to the bottom
of the excavation. The discharge control must laeed at the top of the tremie
or pump pipe, not the bottom. The GeotechnicalinEeging Unit wil approve
the type of discharge control in the driled pienstruction sequence review. In
general, the discharge control should be solidt fiand of such a consistency that
it wil not cause a defect if it remains in therpidigure 12 is a picture of a foam

pg.

G. Environmental Issues
Many projects have environmental requirements imglatio driled piers. The
majority of these conditions concern handling afispand concrete. However, not
all environmental issues relating to driled piare addressed by the permits. For
example, leaking dril rigs may not be expected dhaiuld be prohibited when
working in high qualty waters from causeways ongerary work bridges. The
environmental permit requirements are generallyenemmmon and specific on
projects where it is known that driled piers atgrg wil be used. The most
common requirements include turbidity curtains #dcontainment and off site
disposal of spoils and/or slurry. Section 2.0hef driled piers special provision
requires that the containment and disposal ofysland excavated materials
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FIGURE 12 — Foam “Pig”

contaminated with slurry be in accordance with agplicable local, state and federal
regulations, as well as with the environmental [ierf the project”. For any driled
pier project, the permits should be reviewed ptibeginning construction for
requirements that affect the driled pier consiouct

H. Pay ltems

The standard pay items associated with driledspaee listed below.

- Dia. Driled Piers in Soll

- __ Dia. Driled Piers Not in Soill

- Permanent Steel Casing for __ Dia. Driled Pier

- CSL Tubes

- Crosshole Sonic Logging

- SPT Testing

- SID Inspection
The definitions (method of measurement and bagsaghent) of these pay items are
described in either the Driled Piers Special Riow or the Crosshole Sonic Logging
Special Provision. Reinforcing steel is paid feparately and is not part of these pay
tems. The last three pay items listed above atbods of testing driled piers and
are described later in this manual.

Section 9.0 of the special provision defines “Bdll Pier Not in Soil’ as where non-

soil material requires a rock auger penetratioe cditless than 2 inches (50 mm) per
5 minutes of driling at full crowd force and cajnair tools, etc. to advance the
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excavation. A rock auger is distinguished by thed¥surfaced, conical teeth. Figure
13 is a picture of a rock auger. Sometimes, tmeractor is paid for driled pier not
in soil even though the excavation is not in roEkr example, if an excavation in
boulders requires tools other than a soil augerdtiled pier not in soil pay item
may be justified. The elevation of driled piert mo soil may vary depending on the
condition and type of driling equipment used dmel $ubsurface conditions
encountered. For this reason, the elevation tgddrpier not in soil should be
determined for each excavation and each dril agelol upon the criteria in the special
provision. Determining this elevation properlyvieathered rock is critical. Large
overruns can occur in weathered rock due to variateathering and driling
equipment. If a large overrun or underrun is feegsor occurs, contact the area
bridge construction engineer and the Geotechnicgin&ering Unitt.

FIGURE 13 — Rock Auger

IV. Inspection
Just as methods for constructing driled piers \@gund the state, the methods for
inspecting driled piers vary around the statee @eotechnical Engineering Unit is
always available to provide assistance in inspecti@Qualty inspection requires attention
to details. What may appear as relatively minam ltave a major impact on the driled
pier construction or design. Most driled piers designed for less than 1 inch (25 mm)
of movement, both horizontally and vertically. BDgr design, it is assumed that the
driled piers wil be constructed in accordancehvilie special provision and the plans
and that the conditons encountered wil be similarthose found during the subsurface
investigation. Communication between the fieldspanel and the soils engineer is
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critical. The soils engineer is relying on the inspedtoverify the subsurface conditions
and insure the driled piers are constructed as planned. hadges to or violations of the
special provisions, plans or driled pier construction sequplaseshould be discussed
with the area bridge construction engineer and the Gwutal Engineering Unit. Itis
important to note that it is considerably more expensive ibdime and cost to
investigate and correct a defective driled pier afterctheerete has hardened than it is to
remove fiuid or green concrete and start over.

A. Inspector Responsibilities

- Check for compliance with special provision

- Verify pier location layout

- Measure and verify equipment and tools

- Compare subsurface conditons from driling vs. subsurface

information (boring logs)

- Confrm bearing and cleanliness requirements

- Verify and record pay items
It is important that the inspector be at the hole during rete@lacement. The vast
majority of problems with driled piers occur during pouringd &ime inspectors’
observations are critical. It is strongly recommended thditienal inspection
personnel perform the concrete testing while the prinisyector observes the
concrete pour.

B. Checkilist
- Subsurface information
- Plans
- Driled Piers Special Provision (for the specific project)
- Approved driled pier construction sequence and review fr@m th
Geotechnical Engineering Unit
- Driled Pier Inspection Manual
- Safety equipment as detaied in Section C
- Testing equipment as detailed in Sections D, E and F
Per the special provision, the contractor is required to pralidbe necessary
equipment to safely inspect the driled pier excavation.

C. Down-hole Inspection Safety
The inspector can perform a more thorough inspection byngntile excavation. As
a result, the Geotechnical Engineering Unit encourages-tiole inspection
whenever it is possible and safe. However, it is not retjaire safety is the first
priority. The Geotechnical Engineering Unit does not recominswn-hole
inspection for driled piers greater than 60 feet (18 meterength. Policies and
levels of comfort regarding down-hole inspection vary betwshgsions, resident
ofices and individual inspectors. Policies for enteringedrilpier excavations vary
among driling contractors depending on their driling metholaks, stibsurface
conditions they normally encounter and the areas of the thty typically work in.
Even if a driling contractor wil not enter a driled pietcavation, this does not
preclude the inspector from entering the excavation.
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An inspection casing is a steel casing that extends thentop of the excavation to
the bottom such that the entire length of the excavaioluding the portion in rock
is cased and only the bottom of the excavation is exposed. arheteli of an
inspection casing is typically 6 inches (150 mm) smali@n tthe smallest temporary
casing used. If the inspector prefers to use an inspecéisng, the contractor is
required to provide one.

The Association of Driled Shaft Contractors (ADSC) publsha down-hole entry
manual in 1996. A copy of this manual is included in the Appeadikit should be
reviewed prior to performing down-hole inspections. When perforrainigwn-hole
inspection, the following safety guidelines should be stritcilowed.

- Lower all equipment into the excavation with or prior to lamgerthe
inspector into the excavation.

- Place all equipment, spoils, loose soil or rock and anything helsecauld
potentially fall into the excavation at least 3 feet (Temeaway from the
edge of the excavation.

- Do not perform any work within 20 feet (6 meters) of the drifeer
excavation whie the inspector is in the hole. Thisugde$ any driling,
blasting, casing installation or removal, moving equipmemt, et

- Utilize air monitoring to check for oxygen and combustibleseas

- Always wear appropriate safety equipment including hardhbatjng
protection, safety harness and safety rope. Safety equigsndascribed
in detail in the ADSC down-hole entry manual.

- Always be aware of the conditions in the hole. If conditions change or
dangerous situations occur such as increased water flow, the inspector
should signal to exit the excavation immediately. For this reason, it is
critical that operators of the lifting and lowering equipmesrnain at the
controls during the entire inspection.

Air monitoring is covered in detail in the ADSC down-holdnemanual in the
Appendix. All driling contractors should have an air monitorihgvice capable of
monitoring oxygen and combustible gases. There are alsm@iionmg devices
available that can monitor other less common gasses. eBafitering a driled pier
excavation, the air should be checked for either inadequadeswplus of oxygen and
the presence of combustible gasses.

1. Oxygen
Typical breathable air contains between 19.5% and 22.5% oxygen. The
concentration of oxygen in the air can not be detectedghly saste or smell.
Oxygen deficiency is more likely than oxygen surplus.thdfe is less than
19.5% oxygen in the air, a person may experience “hypoxia”, or laaleafuate
oxygen. Signs of hypoxia include headaches, shortness df,bdéatrientation,
and a blueness of the skin around the mouth and fingerfierdf & more than
22.5% oxygen in the air, a person may notice dizziness, nandedisarientation.
An oxygen surplus is also a hazard because of the pogdibilitcombustion, fire
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and explosions. Before measuring the oxygen in the excav#termonitor
should be calbrated on fresh air (20.8% oxygen).

2. Combustible Gasses
Hydrocarbons, compounds containing carbon and hydrogen, are the most
common combustible gasses found in subsurface environmerethard is the
most common hydrocarbon. Hydrocarbons are odorless, colorless aleddaste
Combustible gas concentrations are measured in termsaeinpef the Lower
Explosive Limit (LEL). By default, most air monitoring dedcevil begin
sounding an alarm when the LEL level reaches 10%. Howewaty w@ir
monitoring devices wil allow the user to change the L&lell at which the alarm
wil begin sounding. The ADSC down-hole entry manual inAppendix
recommends not entering a driled pier excavation if the lelzel exceeds 5%.

Not folowing safety guidelines is dangerous and unwise. Duig-inspection
safety is not a decision that should be made by the drilingractor for the
inspector; down-hole inspection safety is a decision thdt iesgector should make
for himself or herselff.

. Methods for Checking Bearing Capacity

The majority of the driled piers constructed for NCDOT @esigned for end
bearing. As aresut, it is important to check that thebaading conditions at the tip
elevations are as required. The subsurface investigatiutdes borings that are
approximately 6 inch (150 mm) diameter holes with approximatehci? (50 mm)
diameter samples and 1 to 2 borings per bent that are probablyatet lat the exact
driled pier locations. The subsurface conditons can varyiywiletween borings
and may not accurately depict the conditions that are etated when driling a
much larger hole for the driled pier (minimum 3 feet, 914 mm elarp The
special provision lists three methods for checking beavisgial, test hole and
standard penetration test (SPT). The method for checkinghdeet depend on the
subsurface conditons and the driling methods. For exampdan afkcavation is not
dewatered, it may not be possible to check bearing visually.

If the tip of the driled pier is in rock, the special provisicequires a 1-1/2 inch (38
mm) diameter test hole to a depth of 6 feet (1.83 meters) bedotipthlevation. The
driled pier contractor usually drils the test hole byeany the excavation. The
purpose of the test hole is to check for soft seams and vdais the tip elevation
with a “feeler” rod. A typical feeler rod consists of a lomgetrod 5/8 inches (1.6
cm) diameter with a perpendicular tip projecting 1.2 inches (3)loatward at the
lower end. The thickness of the tip normally tapers from &f8 in1/4 inch (0.3 to
0.6 cm). Figure 14 ilustrates a feeler rod with a close up okthe tip. In general,
a test hole is recommended for each driled pier in rockdiegar of the number of
driled piers in a bent or the number of bents. If the test Bolaived, this should be
approved by either the area bridge construction enginedre @eotechnical
Engineering Unitt.
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10/23,/2001 10:13

FIGURE 14 — Feeler Rod with Close Up View of Tip

If the tip of a driled pier is in either weatheredck or soil, the soils engineer may
include standard penetration tests (SPT) in théracin “SPT Testing” is a pay item,
measured per test. SPT is the same test perfoduany the subsurface
investigation. Consequently, the SPT blow couhtsm on the subsurface cross
sections are comparable to the SPT blow count raatarom the bottom of the
driled pier excavation. The special provision aibes how to perform the SPT in
the open excavation and requires the test in aanoedwith ASTM D1586. This
ASTM standard for the SPT is included in the AppendSection 7.2 of ASTM
D1586 describes how to drive the sampler and whinaicceptable to terminate
driving before reaching the 18 inches (0.45 meteil)e Geotechnical Unit has
revised Section 7.2 for NCDOT practice to the foilog:

Drive the sampler with blows from the 140-Ib. (6Bd) hammer and count the
number of blows applied in each 6-in. (0.15-m) @msent until one of the following
occurs:

1) The sampler is advanced the complete 18-in5{m}interval.

2) A total of 100 blows have been applied in amp2secutive 6-in. (0.15-m)
intervals.

3) A total of 50 blows have been applied with .3¢i08-m) penetration.
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The drop height of the hammer is 30 inches (0.7&nske In general, this revision
requires driving the sampler beyond the ASTM regqo#nts. The reason for this is
to insure that the sampler is not on a rock lenever a soft layer.

The primary advantage of the SPT is the test cgmeldermed without entering the
excavation. Another advantage is the SPT blow tcoan be directly correlated to
bearing capacity. Based upon an empirical cooslathe sois engineer wil provide
the required SPT blow count for each project whtd teview of the driled pier
construction sequence plan, if SPT is requirede SRT may be performed by either
a consulttant or the driling contractor. Figures ahd 16 are pictures of a SPT being
performed by a consultant and a driling contractor

EH |

FIGURE 15 — SPT performed by Consultant

. Methods for Checking Cleaniiness

The special provision defines a clean driled prcavation bottom as “a minimum
of 50% of the bottom area has less than %2 inchmfhB of sediment and no portion
of the bottom area has more than 1 % (38 mm) afmeetl as determined by the
Engineer.” If the pier excavation bottom is naael prior to placing the reinforcing
steel, a “soft bottom” may occur. A soft bottonthe result of excessive sediment at
the tip of the driled pier and can cause unactdgptaettement and reduced end
bearing. The special provision lists three methfsdschecking bottom cleanliness;
visual, steel probe and shaft inspection devic®)SBimilar to checking bearing, the
method for checking cleanliness wil depend onsiliesurface conditions and the
driling methods. The primary influence affectifgttom cleanliness is the driling
contractor’'s cleaning methods.
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FIGURE 16 — SPT performed by Driling Contractor

In many situations, it is necessary to inspectcfeaniiness through water or slurry.
One method to do this is a steel probe rod. Tleeiapprovision details the required
specifications for a steel probe rod to be suppligtthe contractor. Figure 17 is a
picture of a steel probe rod. It is important tth&t contractor provide a steel probe
rod in accordance with the special provision ineor develop and maintain
consistency around the statd.weighted tape is not acceptable for checking
cleanliness because it will generally indicate Issdiment than what is actually
present.

The department currently owns two shaft inspectavices (SIDs). ASIDis a
remotely operated camera capable of observing roattanditions and measuring
sediment underwater and slurry. Figure 18 is tngicof a SID. Images are
transmitted back to a video unit for viewing andomeling. Figure 19 is a picture of a
video unit for the SID. In general, five locatioase inspected. In accordance with
the special provision, three or more of the locatishall have less than a ¥z inch (13
mm) of sediment and the remaining locations slalehess than 1 % inches (38 mm)
of sediment. If the cleanliness inspection fadsbsequent inspections are required
until the cleanliness meets the specificationse Waterials and Tests Unit maintains
the SIDs. The Geotechnical Engineering Unit coatds inspections with the SIDs.
One SID is based in Leland (near Wimington) witle Section Materials Specialist
for Dvisions 2 and 3 of the Material and TeststUnThe other SID is based in
Raleigh atthe main office of the Materials andtJ&it. “SID Inspection”
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FIGURE 18 — Shatft Inspection Device (SID)
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FIGURE 19 — Video Unit for SID

is a pay item, measured per driled pier. The SIBot measured per inspection
because, as described above, the cleanlinessmaripyi a function of the driling
contractor’'s cleaning methods.

It can be very difficult to determine whether thettbm meets the cleanliness
requirements in the special provision with the Igpeebe rod even for an experienced
inspector. Visual is the best method for checldlganliness but is not always
possible. If it is not possible to enter the eatiam, the SID is the best method for
inspecting the cleanliness of the driled pier satian bottom. The SID enables the
cleanliness inspection to become a relatively ghtifairward “yes” or “no” answer.
However, due to the limited availability of the SICk is generally used only for the
frst few driled pier excavations that are notdharteaned on a project. This allows
the inspector to gage the driling contractor'sanieg methods and compare the steel
probe rod results to the SID results. Once théndricontractor's cleaning methods
are established and the inspector develops cooédém checking cleanliness with the
steel probe rod, the SID can be discontinued.

F. Slurry Testing
In order for slurry to perform properly the pH, dign and viscosity must be
maintained within certain ranges. Normally, thifirdy contractor checks these
properties. However, it is good practice for tipector to closely observe the
contractor's testing methods and perform occasicoahparison tests. The slurry
testing procedures for viscosity, density and samtent are included in the
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Appendix. The Geotechnical Engineering Unit alss &n instructional video
explaining slurry testing methods. Contact the t€amical Engineer Unit to borrow
this video or for further information about slurtgsting procedures. Division 3 and
the Geotechnical Engineering Unit have slurry ngskits. Figure 20 is a picture of a
slurry testing kit with the pH paper, Marsh core (fiscosity), density balance and
the American Petroleum Institute (API) sand contantabeled. The slurry testing
frequency and criteria are listed in the specialvipion.

FIGURE 20 — Slurry Testing Kit

The pHis an indicator of the degree of acidityakalinity of the slurry and is
primarily a function of the mixing water used. @ pH can cause the bentonite to
fall out of suspension. The special provision eguthat written approval from the
bentonite supplier for the proposed mixing watarrs®e be submitted with the drilled
pier construction sequence plan. In addition, digproval wil normally include the
amount of soda ash or other hardness reducer edquradjust the pH, if necessary.

The slurry should meet the pH, density and visgogiguirements in the special
provision after hydration and before it is frstraduced into the driled pier
excavation. For this reason, the first sample Idhbe taken from the slurry tank. Al
remaining samples should be taken from the excavais detailed in the special
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provision. As driling proceeds, the unit weigkand content and often the viscosity
will increase as the slurry picks up clay, sitt aaohd.

The 2 % sand content may not be met until afterskimey is desanded. If necessary,
the driling contractor will desand the slurry lBcirculating the slurry through a
desanding unit. Figure 21 is a picture of a vimjatdesanding unit. A high sand
content is undesirable immediately before placing reinforcing steel because all the
sand may not be held in suspension before the shan be displaced by fiuid
concrete. If the sand settles and is depositedl that clean bottom of a driled pier
excavation, reduced end bearing capacity wil tesul

| l' .' l’fr . :‘.‘_ﬁ. i y 3 ey ]
FIGURE 21 — Vibratory Desanding Unit

G. Rock Socket
A note on plans may require a minimum penetratiga fock, in other words, a rock
socket. Typically, a rock socket is required ghly variably subsurface conditions
when it is difficult for the soils engineer to reaably determine the rock elevation or
guality at each driled pier location. In Sectibr®, the special provision states that
the rock socket wil be “as directed by the EngirieeThe reason for this is that the
pay item length for driled pier not in soil doest mecessarily correlate to the rock
socket length. For example, subsurface conditimay indicate a variable amount of
weathered rock overlying hard crystaline rock.tha feld, the excavaton may be in
weathered rock at the tip elevation and from aigay standpoint qualify for the
minimum rock socket length. However, the soilsire@y may have intended for the
rock socket to be hard crystaline rock which imstronger than the weathered
rock the driling contractor was excavating adedrilpier not in soil. Whenever a
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rock socket is required, the soils engineer wil direct ibpactor in how to verify the
rock socket.

. Driled Pier Notin Soil Verification

Regardless of whether a rock socket is required, the inspgwoid verify that the
elevation of driled pier not in soil (if applicable) is seaably close to the rock
elevation shown on the borings. This is very importantthelfdriled pier not in soll
begins substantially deeper than the rock elevation showimedmorings, the soils
engineer may require a deeper driled pier for adequatel last@biity. In the
opposite sense, if a driled pier not in soil begins substigntiadher than the rock
elevation shown on the borings, this should be discussedtheitarea bridge
construction engineer and the Geotechnical Engineddimiy If this situation is not
addressed early on in the project, large overruns in the dpier not in soil quantity
can occur. When weathered rock is present, the driled pign soii may begin at
any elevation within the weathered rock depending on #keasid condition of the
drill rig, driling equipment used and the degree of weatbeim the rock. As a
result, it is not necessary to discuss a higher driled noiein soil elevation in
weathered rock with the area bridge construction engiaadrthe Geotechnical
Engineering Unit unless a significant quantity overuanticipated.

Figure 22 shows example borings similar to what would be inclated typical
cross section with the subsurface information. The oldnamdlegend is shown with
soil (and SPT blow counts), weathered rock and different typexclofabeled. In
general, hard rock, crystaline rock, non-crystalline and soewetisedimentary rock
may be considered driled pier not in soil.

Concrete Testing

One set of cylinders for 28-day strength is required pek.trédditional sets may be
made for early strength determination. Each load shouldstegltéor air, slump and
temperature. Entrapped air should not exceed 7% %. The speciabprodquires
that the driled pier concrete be non air-entrained. Exa@ssan result from air-
entrained concrete or combination of admixtures. The contgefeerature may not
exceed 90 degrees and the air temperature at the timeceiplat must be 35
degrees or higher in accordance with Section 1000-4(D) oftdmel&d
Specifications.

Low slump driled pier concrete may keep the concrete fromingpvaround the rebar
and trap air or water in the pier and a high slump maykt resexcessive segregation
or bleeding. The special provision requires two different sludgggending on the
concrete pour type (wet or dry). A7 to 9inch (175 to 225 mm) slump isecdor
wet pours. A5to 7 inch (125 to 175 mm) slump is required for dry poursweX |
slump for a dry pour reduces the chances of segregation tiwheconcrete is placed
by free fall. A higher slump for a wet pour improves tbevflof the concrete through
the tremie or pump pipe and into the in place concrete. eDnilier concrete with
slumps outside the limits in the special provision canlran problems and should be
corrected or rejected.
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Inspection Forms

Inspection forms are crucial to the Geotechnical EngingeUnit. The soils engineer
can not be present at each project. Typically, the inspefdioms are the only
information the soils engineer wil receive about tbestruction of the driled piers.
Many times, inspectors are the only department represestatin site during the
construction of the driled piers. The inspection formsvaiten records of what
occurred. The forms should be flled out completely, thoroughlyaaratcurately as
possible. Comments and occurrences, no matter how insignificeyitmay seem,
should be recorded. The Geotechnical Engineering Unit belmees information is
always better than less. If there is a problem with adirpier, the inspection forms
may be the only detailed construction records available.

Current inspection forms are available on the DOH wehsider “Geotechnical
Engineering Unit Forms” in “Industry Links”. Copies of thest current forms at
the time of printing this manual are also included inAppendix. Before beginning
a driled pier project, the website should be checked for updafeztimn forms.

Driled Pier Inspection Form

Driled pier inspection forms for both casing and slurnthomeé are avaiable. The
inspector should fil out the appropriate form and transmiib the Geotechnical
Engineering Unit. Specific questions concerning how tadl these forms should
be directed to the Geotechnical Engineering Unit.

The purpose of recording the “Theoretical Volume” verses“Wolume Placed” is to
verify that these volumes are approximately equal. The cayemon error occurs
when recording the “Theoretical Volume’Unless the drilled pier is constructed
with the exact diameter shown on the plans and to the exact tip elevation shown
on the plans, the concrete volume shown on the plans is NOT the theoretical
volume. The theoretical volume normally must be calculated infielte based upon
telescoping casing, if applicable, and the actual driled digeneter and length. For
example, three levels of telescoping casing would requresuim of calculations for
three different lengths of driled piers with three difiet diameters. Even a non-
telescoped driled pier constructed with permanent casingckrequires a
calculation of the theoretical volume since the inglilameter of the permanent
casing and the driled pier diameter in the rock is sfighthaller than designed. In
order to assist in these calculations, a table entitled f€t@nd/olumes” is provided
in the Appendix. This table lists concrete volumes perlemith for driled pier
diameters from 34 inches (864 mm) to 96 inches (2438 mm) in 2 inch (b0 mm
increments.

Driled Pier Driling Log

Per Section 2.0 of the special provision, the driling contradtould “Maintain a
driling log during the driled pier excavation and providéoithe Engineer. Include
in the log information such as top and bottom elevation di statum encountered,
driling tools used and driling time in each stratum andkerig descriptions of each
soil and rock layer.” The driling contractor must fil obetdriling log and provide
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it to the inspector when the driling is complete. Review attach this form to the
corresponding driled pier inspection form to be sent to the Geutat Engineering
Unitt.

SID Inspection Form

The personnel performing the SID inspection wil normaligvigie this form. One
form should be filled out for each inspection. After completing inspection(s),
attach this (these) form(s) to the corresponding driled imsgrection form to be sent
to the Geotechnical Engineering Unit.

Concrete Curve

Section 6.0 of the special provision states “For driled pierstoucted with slurry or
as directed by the Engineer, record a graphical plot of the deysiis theoretical
concrete volume and actual measured concrete volume dordelied pier and
provide it to the Engineer when finished placing concre#."graphical plot of the
depth versus theoretical concrete volume and actual redasancrete volume” is
commonly called a concrete curve. Basically, a concrete dsirused to compare the
actual concrete level to where it is suppose to be duringotherete pour. Itis

similar to recording the theoretical volume and volume golaan the driled pier
inspection forms except that instead of comparing thestatahe end of the concrete
pour, the theoretical volume and volume placed are recordeplatat] throughout
the pour. A form for plotting the concrete curve is includedha Appendix.

Figure 23 shows an example concrete curve plotted from a dpeeadghe actual
concrete level is measured after each truck with aweeigtape and plotted as the
“measured” line. The theoretical concrete level isulated for each load of concrete
placed based upon the shaft dimensions and plotted as thetitabrine. If the
driled pier dimensions are as anticipated and all the cen@qtlaced in the
excavation, the measured and theoretical line wil bsdhee. However, normally
there is a small difference between the two. If the unedsline is below the
theoretical line for a given length of pier, more concreds placed than anticipated.
This may be the result of rough uneven sidewalls ofxbavation. If the measured
ine is above the theoretical line for a given lengthpief, less concrete was placed
than anticipated. This may be a potential problem such asumiin or a partialy
colapsed excavation. As shown in Figure 23, the concrete can also indicate
where a potential problem occurred. Regardless of whethenetigured is above the
theoretical or visa versa, large differences betweelné® may indicate problems
and should be discussed with the area bridge constructiomeemgnd the
Geotechnical Engineering Unit.

Most driling contractors wil plot the concrete curve. Hoerewas with slurry
testing, it is good practice for the inspector to confirm dhitractor's measurements
and occasionally plot comparison concrete curves. In soms, tasesoils engineer
wil require plotting concrete curves when slurry is ue¢d because there is higher
than normal potential for problems during the concrete pour.eXamnple, concrete
curves might be required for a long pier through fracture&t oocaving soils with
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FIGURE 23 — Example Concrete Curve
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telescoping temporary casings. If concrete curves argeddor non-slurry driled
piers, the soils engineer wil note such in the revivthe driled pier construction
sequence plan. After completing the concrete pour, attadtotiwete curve to the
corresponding driled pier inspection form to be sent to GeotedhBiegineering
Unitt.

V. Post Construction Testing
If problems occur during a concrete pour, the department mely telperform further
testing of the driled pier. The Geotechnical Engineerling in coordination with the
resident engineer and the Construction Unit wil recenimthe type and scope of testing
depending on the severity and particulars of the sttuatibimere are no foolproof testing
methods available for investigating a driled pier. Mostiteesthods require some
interpretation of the results. Rejection or acceptan@edoifled pier requires reviewing
all the driled pier construction information, design reguents and testing results.
Because the driled pier is almost entirely containethenground, further investigation
of a driled pier is similar to a mystery that involves emiihg and considering all the
clues. The test results are considered clues. Witnessint@nd inspection forms are
also considered clues. The following three sections desbabedst common testing
options employed by the department for further investigatiba driled pier. They are
isted in order of increasing cost and destructiveness tpi¢he

A. Non-Destructive Testing (NDT)
The Geotechnical Engineering Unit performs sonic echie tath a device caled a
Pile Integrity Tester (PIT). A PIT test involves senda&gonic wave down the pier
by tapping the top of the pier with a hand held hammer. Figdiustrates two
soils engineers performing a PIT test. The wave is tefledom the tip of the pier
back to the top and velocity versus time is measured witiceglerometer attached
to the top of the pier. Based upon the anticipated diameter rgytid lef the pier, the
soil strata and a typical wave velocity in concrete, ¢o®nds can indicate potential
anomalies. The advantage of the PIT is that the tedbeperformed fairly rapidly
and inexpensively without any internal intrusion to ther.pi

However, the PIT has numerous disadvantages, some émgaand may be
unreliable in some situations. PIT data can be dificulinterpret. In general, the
defect must be fairly large and located below the top two é@ thier diameters to be
identified by the PIT. Smaller defects as wel as the @ik extent of defects are
difficult to determine with the PIT. The FHWA driled shafianual (Publication No.
FHWA-1F-99-025) recommends *“...the sonic echo test should be combitetse
only a very crude screening method that is capable oingcably major defects....”

Section 8.0 of the special provision states that the engmi#techoose which driled
piers wil be PIT tested. When the engineer selectsleddglier for PIT testing, the
contractor is required to prepare the top of the driled pier ibgigg four areas
down to exposed aggregate once the pier has been in place f &dahe concrete
has achieved a concrete strength of 3000 psi (20.7 MPa). The fitied éNDT
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Preparation” located on the DOH website under “@euwtical Engineering Unit
~ Forms” in “Industry Links” shows how and where ting the top of the pier.

F . i

FIGURE 24 — Pile Integrity Test (PIT)

A copy of this form is also included in the AppendiThe special provision also
states that no separate payment wil be made fofF Biidl that three days are required
to analyze the test results.

. Crosshole Sonic Logging (CSL)

When crosshole sonic logging (CSL) testing is ehetl in the contract, either four
[pier diameter of 5 feet (1524 mm) or less] or[gier diameter greater than 5 feet
(1524 mm)] tubes wil be cast into the driled piém accordance with the CSL
special provision. The standard Crosshole Songgihg Special Provision is
included in the Appendix. CSL testing can alsgpedormed through core holes.
CSL tubes must have an inside diameter of 2 in€6@smm), be Schedule 40 steel
pipe and extend from 6 inches (150 mm) above theftthe pier to at least 3 feet (1
meter) above the top of pier elevation. Figureis2® picture of driled pier
reinforcing steel with four capped CSL tubes.

CSL testing is performed by lowering a transmitigio one tube and a receiver into
another. The transmitter repeatedly emits an &cosignal and the receiver picks up
that signal as they are lowered down the pier. rEleeiver signal can be examined to
determine the travel time from one tube to theroti®&nomalies are defined by a
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reduction in travel time. Typically, each perimefgair of tubes and major principal
axes pair of tubes are tested.

_-.-'qi Yy
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FIGURE 25 — CSL Tubes

The Geotechnical Engineering Unit should be cardulbefore commencing with any
CSL testing. CSL testing is usualy performed byape geotechnical engineering or
testing firms. Basically, the CSL consultant ispensible for collecting and
presenting the data. Figure 26 is a picture of @&ta acquisition equipment.
Geotechnical Engineering Unit reviews and integpritie report and recommends
either acceptance of the pier or further testifgurther testing may include retesting
with CSL again or coring (see next section). df tesults indicate a 20% or greater
reduction in travel time, angle testing (source eawkiver at different depths) is
required. The results of angle testing are usetkwelop a three-dimensional picture
of the driled pier. This technique is known asgraphy. CSL testing offers a
significant advantage over the PIT since tomograpag approximate the size and
extent of defects.

As with any testing procedure, CSL has limitatioSSL only tests between the tubes
such that the concrete area outside the reinfonoesenot tested. Variations in
concrete strength can affect travel times; highezngth concrete results in faster
travel times. The concrete strength may meetaheined 4500 psi (31.0 MPa) but
variations above this strength can stil resulamomalies in the CSL results. This is
the reason for requiring a concrete strength o038 (20.7 MPa) before testing;
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less variation is expected in older concrete. @Sting also does not work if the
tubes debond from the concrete. This is the refasarequiring steel tubes, filing

FIGURE 26 — CSL Data Acquisition Equipment

the tubes with water and testing within 30 dayd. oAthese things wil help prevent
debonding before the CSL testing can be completed.

As of November 2001, all bridges designed withedripiers wil have CSL tubes
and testing in the contract. CSL tubes and tedtingiriled pier bridges designed
prior to November 2001 were included in the conti@ahe discretion of the soils
engineer. The tube size, manufacturer's certficat compliance, the proposed
method of installing the tubes and the CSL consulghould be submitted to the
engineer, preferably with the driled pier condiocut sequence plan. It is
recommended that the CSL tubes be attached titads sand not the longitudinal
bars so that concrete can fow more freely arotiedtibes. Payment for CSL is
divided into two pay items; “CSL Tubes” per linefoot or meter and “CSL Testing”
per pier. In general, CSL tubes are applicablealodriled piers and CSL testing is
applied to only the piers tested.

C. Coring
Coring has been used with limited success to igatst driled piers. Itis
uncommon to find evidence of a defect with coriitgiepends on the size and extent
of the defect as well as just plain luck. Figuréi?a picture of a core with a defect.
This particular driled pier had water flowing intbe core hole. Coring is also
performed to investigate for low strength concre®ecovered cores can be cut and
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tested for compressive strength. If coring isqreméd after CSL testing, it is
generally used to investigate a specific anomadntiied by the CSL testing.

— P b

FIGURE 27 — Core from Drilled Pier with Defect

When the Geotechnical Engineering Unit recommenoiing; the number of holes,
locations, depths and other requirements wil loziged. PQ size core (core size
3.34 inches or 85 mm) is recommended so that thes@re large enough to be tested
for compressive strength. In general, the coreshshould be as close as possible to
the inside of the reinforcement. Defects are llksly to occur in the center of a
driled pier. Figure 28 shows a cored driled péth the outer edge of the core hole
12 inches (300 mm) from the inside edge of thdamiament. After the coring is
complete, the core holes should be dewatered andoneal for water inflow. It is

also possible to look at the core hole with NCDQgbt&chnical Unit's miniature
remote controlled camera.

Sometimes, the reinforcement extending out of tiledd pier must be cut for access
to perform the coring. If the driled pier is apted, the reinforcement is then

mechanically spliced as approved by the Structuesign Unit. Also, the core holes
must be dewatered and grouted if the driled piesdcepted. The grout shall be an
approved high strength grout with a minimum congives strength of 4500 psi (31.0
Mpa). Itis critical that the core holes are ofaon-grouted) and access to the core

locations is available until the driled pier actsgh) some defects require an extensive
investigation.
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Because coring provides a physical sample, itvsra good indication as to the
physical character of the concrete. However, itiligation is only for a small
portion of the pier. Coring is also time-consumiagd very expensive.

|
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FIGURE 28 — Core Hole in Drilled Pier
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